Introduction
A project to develop and test methods for the determination of bromide species in fresh and potable waters, initiated and funded by the Department of the Environment, was undertaken at the Laboratory of the Government Chemist. A literature search revealed three methods that had a sensitivity which could meet the requirements of the Department of the Environment. The method described by Fishman and Skougstad 1] is based on the catalytic effect of the bromide ion on the oxidation of iodine to iodate by permanganate. The excess iodine is extracted with carbon tetrachloride and measured spectrophotometrically. This method claims a detection limit of 1/.tg per litre. Tamarchenko [2] described a method based on the oxidation of bromide to bromate which is reduced by excess bromide to bromine in acid solution. The bromine decolourises methyl orange which is measured spectrophotometrically. This method claims a detection limit of 20 /ag of bromide per litre. Archimbaud and Bertrand [3] utilised a Technicon AutoAnalyzer system based on the synthesis of tetrabromosulphonphthalein purple at pH 4 .6 from phenosulphonphthalein and bromide previously oxidised to bromine by chloramine T. This method claims a detection limit of 20 /ag of bromide per litre.
Of the three methods, the one developed by Fishman and Skougstad was selected for further investigation as it was the most sensitive and was not subject to interferences from many other ions at concentrations found in natural waters.
Experimental
Although the method gave a satisfactory calibration curve for bromide standard solutions of 20 to 100/.tg per litre it was found to be critically affected by a) the time of oxidation; b) the temperature of the oxidation; and c)the expertise involved in adding reagents and shaking separators at accurately timed intervals. In order to control and standardise these conditions more closely, to enable greater productivity to be achieved and to protect the operator from frequent contact with carbon tetrachloride it was decided to automate ,tke method using a Technicon Mark AutoAnalyzer system. The initial procedure using standard Technicon components reproduced the chemistry of the manual method almost exactly but revealed several problems which are described below.
Problems encountered during automation of the manual method 1. Iodine was deposited on the transmission tubing and on the pump tube used for the potassium, iodide/sulphuric acid reagent. This was overcome by introducing the potassium iodide and sulphuric acid separately and allowing them to mix in a glass coil within the-automated system. 2. Deposits of manganese dioxide, which altered the sensitivity of the method, started to form in the extractor coil and separator trap after a couple of hours continuous use. Figure 1 , was therefore used to separate the phases. The strip of phase-separating paper was found to be essential for preventing droplets of the aqueous phase from entering the flowcell, and to aid the coalescence of droplets of carbon tetrachloride. A teflon insert (Technicon part no 021 0002 02) inserted into a C8 debubbler leading from the arm carrying the sample stream into the lower leg carrying the solvent phase was found to be a suitable alternative. 5. Solvaflex pump tubes were found to be unsuitable for pumping carbon tetrachloride for long periods of time and therefore the water displacement method shown in Figure 2 was used. Introduction of carbon tetrachloride into the system in a regular stream of droplets was found to be essential for obtaining a regular baseline and was best achieved by using a Technicon A6. fitting with platinum insert and either polythene or Acidflex tubing (internal diameter 0.030 inches) to connect the displacement flask to the manifold. 6. A regular interference associated with the sampler was removed by eliminating the bubble introduced during the sampling action.
7. Small air bubbles appeared intermittently in the flowcell, disturbing the baseline. These were removed by introducing a 10 turn mixing coil between the extractor coil and the separator. This gave any air which had dissolved in the carbon tetrachloride in the extractor coil time to come out of solution before entering the flowcell.
The final manifold which is shown in Figure 2 is suitable for the analysis of bromide in water over a range of 5 to 100 /.tg/1.
Reagents
All chemicals used are of analytical reagent grade quality. Figure 2 , was used. The system was kept at 0 C + 0.3 using an ice bath insulatedexternally with polystyrene and two 500 ml flasks were used for the water displacement of carbon tetrachloride. All connections were made with glass tubing unless otherwise indicated on the flow diagram ( Figure 1) [4 ] .
The effects of interferences generally agreed with those reported by Fishman and Skougstad [1] , and any minor differences were probably due to the salts used to add the interfering elements. For most drinking waters the effects of interferences except for that of chloride will be negligible. Some mineral waters and cgntaminated drinking waters can contain elements such as iron and manganese in amounts which could give substantial interference and these could be diluted to a level where the interference was removed.
The effect of chloride CMoride was found to interfere positively in,the proposed automated system at a concentration well below that found in most waters. Fishman Several approaches were tried to obviate the effects of chloride by chemical means, such as varying the pH of the reaction mixture, using weaker oxidising reagents and introducing chloride into the manifold at a concentration that would make that present in waters insignificant. All these proved unsuccessful. It was noted that the.apparent bromide concentrations of chloride standard solutions obtained by comparing the chloride solution peak heights against the bromide calibration curve increased linearly up to 50mg 1-1 C1, and that the results were precise and reproducible ( Table 2 ).
The gradient of the straight line obtained by plotting chloride concentration against the. corresponding bromide concentration was 1.31 pg 1-of bromide per mg 1" of chloride.
A series of bromide solutions spiked with known amounts of chloride were run by the proposed method. The bromide concentration corresponding to the chloride 'interference' was calculated using the gradient of the straight line described in As no certificated water sample against which to test the accuracy of the method could be found, and as no suitable reference method was available, an indication of the accuracy of the method was obtained by adding known amounts of bromide to diluted water samples which had been previously analysed for bromide. The final bromide concentrations shown are a mean of 4 separate determinations. The amount of bromide found ranged from 98 to 103 percent of the amount calculated to be present in the solution. The results are summarised in Table 6 . The limit of detection The limit of detection was taken to be where the signal level was three times greater than the noise level of the baseline. This gave a limit of detection of 4/.tg of bromide per litre. Should greater sensitivity be required, water samples could be reduced in volume by evaporation, or alternatively the temperature at which the reaction takes place could be increased, thereby increasing the sensitivity.
Conclusion
The automated method has an accuracy, and precision comparable with the manual method. 
